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Fuzhou, People’s Republic of China 
The effect of valvular and suhvalvular morphologic features 
and balloon size/mitral anulus size ratio on results of 
valvuloplasty were prospectively studied in 38 consecutive 
patients undergoing mitral valvuloplasty. The severity of 
valvular and subvalvular disease was graded echocardio- 
graphically from grade I to IV (mild to severe) for immo- 
bility, thickening, calcification of mitral leaflets and subval- 
vular thickening and fusion, yielding a maximal total score 
of 16. The diastolic mitral anulus diameter was measured in 
the apical four chamber view. 
After valvuloplasty, the mitral valve area increased 
from 0.9 -C 0.3 to 2.2 f 0.5 cm’ (p < 0.001) with increasing 
mitral regurgitation in 12 (32%) of the 38 patients. Multiple 
stepwise analysis revealed that the ratio of balloon size and 
annular size and the severity of subvalvular disease are two 
independent factors that correlated significantly with the 
mitral valve area after valvuloplasty (multiple r = 0.65, 
p < 0.0002). One of 34 patients with mild subvalvular 
disease of grade III or less had an unsatisfactory increase in 
mitral valve area to ~1.5 cm’, whereas 3 of 4 patients with 
severe (grade IV) subvalvular disease had a valve area 51.5 
cm* (p < 0.002) after valvuloplasty. 
The increase in mitral regurgitation after valvuloplasty 
correlated significantly with the ratio of balloon to mitral 
anulus size and the severity of subvalvular disease (multiple 
r = 0.53, p < 0.003). The ratio of the sum of diameters 
from two balloons to annular size of ~1.1 was associated 
with abruptly increased (70%) incidence of mitral regurgi- 
tation as compared with that (18%) for a smaller ratio (p < 
0.01). An increase in mitral regurgitation was observed in 
all 4 patients with severe (grade IV) subvalvular disease 
compared with only 8 of 34 with mild (grade III or less) 
subvalvular disease (p < 0.05). 
It is concluded that 1) severe subvalvular thickening and 
fusion detected by two-dimensional echocardiography pre- 
dict a poor result of balloon mitral valvuloplasty, and 2) to 
avoid a higher incidence of mitral regurgitation caused by 
oversized balloons, echocardiographic measurement of mi- 
tral anulus size is useful in guiding balloon size selection. 
(J Am Co11 Cardiol1989;14:1651-8) 
Percutaneous catheter mitral balloon valvuloplasty has 
achieved excellent results in the majority of patients with 
severe mitral stenosis (1-14). Different balloon dilating tech- 
niques and diameters have been demonstrated to influence 
the results of this procedure (14). The double balloon and the 
sequential single and double balloon techniques have been 
shown to result in a greater increase in mitral valve area than 
that achieved with a single balloon technique. Even when 
these former methods were used, an insufficient increase in 
valve area has been reported (2,5,12-15) in a certain patient 
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subgroup. The identification of the characteristics of this 
patient subgroup is important for selecting patients and 
improving valvuloplasty results. 
The pathologic morphology of mitral stenosis and the 
ratio of dilating balloon size and mitral anulus size may be 
related to the increase in mitral valve area and mitral 
regurgitation after valvuloplasty. Two-dimensional echocar- 
diography is a reliable tool for assessing mitral valve and 
subvalvular morphologic changes and mitral anulus size in 
the beating human heart (16-17). Previous retrospective 
studies (18-21) have shown controversial results in regard to 
the relation between mitral valve morphology and results 
obtained by valvuloplasty. This may reflect the fact that 
factors in addition to echocardiographic valve appearance, 
such as balloon size and dilating techniques (single or double 
balloon) used and the learning curve of performing the 
valvuloplasty procedure, were not considered in the previ- 
ous studies. 
Accordingly, the present prospective study was con- 
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ducted in a series of consecutive patients who underwent the 
same balloon dilating technique performed by an experi- 
enced team in all patients. The purpose of this study was to 
identify factors influencing the results of balloon mitral 
valvuloplasty and examine several echocardiographic varia- 
bles for the prediction of an increase in mitral valve area and 
mitral regurgitation after valvuloplasty. 
Methods 
Study patients. This study included 38 consecutive pa- 
tients who underwent mitral balloon valvuloplasty in the 
Cardiovascular Center of Fujian Medical College between 
February and October 1988. All patients entering this study 
signed an agreement, with a written informed consent given 
by the hospital before valvuloplasty. The Research Commit- 
tee of Fujian Medical College approved the study protocol. 
The age of the patients ranged from 17 to 65 years (mean 36 
2 10); 25 were female and 13 were male. Their body surface 
area ranged from 1.3 to 2.0 m2 (mean 1.57 ? 0.23). 
The patients were selected to have balloon valvuloplasty 
by one of the following criteria: 1) the mitral valve area was 
51.0 cm2 and 2) the valve area was 1.1 to 1.5 cm2 with 
symptoms of New York Heart Association functional class 
III. Patients with echocardiographic evidence of left atria1 
thrombus and those with associated grade ~111 mitral regur- 
gitation were not included. Associated mitral regurgitation of 
grade I+ and IIt was observed in four and two patients, 
respectively; five patients had mild aortic regurgitation. 
Atria1 fibrillation was observed in 12 patients; the remaining 
26 had sinus rhythm. Severe symptoms of functional classes 
III and IV were observed in 23 and 1 I patients, respectively; 
the remaining four patients were in functional class II. 
Two-dimensional echocardiography. Each patient was 
studied 1 day before the valvuloplasty procedure, and the 
echocardiographic results were interpreted on the same day. 
Mitral valve and subvalvular structures were examined 
extensively in multiple standard and tilted parasternal long- 
axis views and apical two or four chamber views (18). Efforts 
were made to image subvalvular structures in their maximal 
length usually in a view midway in orientation between 
parasternal and apical planes (16,17). Mitral subvalvular and 
valve structure was assessed by modifying the echocardio- 
graphic score system described by Wilkins et al. (18). Valve 
thickening, valve calcification, valve immobility and subval- 
vular thickening and fusion were each graded from I to IV 
(mild, moderate, moderately severe and severe), yielding a 
maximal total echocardiographic score of 16. The more 
severe the valvular pathologic changes, the greater the 
echocardiographic score a patient will have. 
We modified the subvalvular grading method (18) so that 
thickening just extending from the tip of the mitral leaflets to 
fi of chordal length was graded as I, and thickening of the 
subvalvular structure more than S and 2/ of chordal length 
Figure 1. Severe (grade IV) mitral subvalvular disease showing 
extensive thickening involving all subvalvular structures and no 
apparent leaflet separation observed during diastole. 
was assigned grade II and III, respectively. Grade IV was 
considered only if there were both 1) extensive thickening in 
all subvalvular structures involving chords and papillary 
muscles, and 2) no apparent separation of chords connecting 
anteromedial and posterolateral papillary muscles in the 
aforementioned multiple views (Fig. 1). The interobserver 
variability for assessing total echocardiographic scores was 
0.6 + 1.1 and 8% of the mean total score. The mitral anulus 
was measured in the apical four chamber view in early to 
mid-diastole at the time of maximal mitral valve opening. 
The interobserver variability for mitral anulus measurements 
was 1.2 +- 1.3 mm and was 4% of mean mitral anulus 
diameter. 
Cardiac catheterization and valvuloplasty procedure. All 
procedures were performed by the same operators (CC. and 
Y.W.). Right and left heart catheterization was performed 
using a standard approach (22). Cardiac output was mea- 
sured by the thermodilution method. In any case of inter- 
atria1 septal shunt after valvuloplasty, the Fick principle was 
used to calculate cardiac output. After the transseptal punc- 
ture procedure, simultaneous left atria1 and ventricular pres- 
sures were recorded to document the mitral valve gradient. 
The mitral valve area was calculated by the Gorlin formula 
(22). Left cineventriculography was performed to assess 
mitral regurgitation. The severity of mitral regurgitation was 
graded semiquantitatively from class I to IV angiographi- 
tally (22). 
The valvuloplasty procedure was performed using a se- 
quential single and double balloon technique as previously 
described by our group (10). Briefly, we first used an 18 to 20 
mm dilating balloon for primary dilation and then repeated 
the valvuloplasty using two balloons. Balloon sizes used for 
the procedure were selected randomly without knowledge of 
the mitral anulus size. The combination of two balloons from 
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12 + 12 mm to 20 + 18 mm was used. The mean effective 
balloon diameter calculated by Yeager’s equation (23) was 
26.6 I 2.3 mm. The sum of diameters from two dilating 
balloons, calculated by simply adding two balloon diame- 
ters, was 32.3 -t 2.7 mm. 
After the va/vuloplasty procedure, hemodynamic mea- 
surements were repeated. Oximetry of the right side of the 
heart was performed for detecting an atria1 septal defect 
created by the transseptal catheterization procedure. Left 
cineventriculography was performed in the same projection 
as before valvuloplasty. 
Statistical analysis. All values are expressed as mean 
values ? 1 SD. Hemodynamic variables before and after 
valvuloplasty were compared by the paired Student’s f test. 
The ratio of the sum of diameters from two dilating balloons 
and mitral anulus diameter and the ratio of effective balloon 
diameter and mitral anulus diameter were calculated. Linear 
regression analysis was used first; multiple stepwise logistic 
regression analysis was then used to test the potential 
variables that predict mitral valve area after valvuloplasty. 
The tested variables were age; gender; symptoms of the New 
York Heart Association functional class; cardiac rhythm; 
echocardiographic mitral valve immobility, valve thickening 
and valve calcification; subvalvular disease; total echocar- 
diographic score; effective balloon diameter; the sum of 
diameters from two dilating balloons; mitral anulus diame- 
ter; the ratio of the sum from two diameters of two balloons 
and mitral anulus diameter; the ratio of effective balloon 
diameter and mitral anulus diameter and the increase in 
mitral regurgitation. 
The factors potentially relative to mitral regurgitation 
were also examined by simple linear regression analysis and 
then by multiple stepwise logistic regression analysis. The 
tested factors were: mitral valve area after valvuloplasty; 
absolute increase in mitral valve area by mitral valvulo- 
plasty; age; gender; echocardiographic mitral valve immo- 
bility, valve thickening and valve calcification; subvalvular 
disease: total echocardiographic score; effective balloon 
diameter; sum of diameters from two dilating balloons; 
mitral anulus diameter; the ratio of the sum of the diameters 
of two balloons and the ratio of effective balloon diameter 
and mitral anulus diameter. Echocardiographic variables and 
the ratio of balloon and mitral anulus size in patients with 
suboptimal results (that is, valve area ~1.5 cm2) were 
compared with those in patients with a valve area > 1.5 cm2 
after valvuloplasty using Fisher’s exact test. A probability 
(p) value of ~0.05 was considered as statistically significant. 
Results 
Results of valvuloplasty. All patients had successful val- 
vuloplasty with an increase of 225% in valve area compared 
with that before valvuloplasty. The improvement of symp- 
toms with a decrease in the functional class to class I to II 
Table 1. Potential Factors Relative to Mitral Valve Area 
After Mitral Valvuloplasty in 38 Patients: Simple Linear 
Regression Analysis 
Factor 
Correlation 
Coefficient F p Value 
Age 0.018 0.01 0.9 
Gender 0.06 0.4 0.7 
NYHA class -0.29 3.2 0.08 
Cardiac rhythm -0.28 3.0 0.08 
Mitral valve immobility -0.20 1.56 0.2 
Mitral valve calcification -0.35 5.12 0.03 
Mitral valve thickening -0.34 4.60 0.04 
Mitral subvalvular disease -0.59 19.35 0.001 
Total score -0.46 10.13 0.003 
EBD 0.16 1.06 0.3 
SBD 0.18 1.07 0.3 
EBDiAN 0.40 8.96 0.004 
SBDIAN 0.46 9.16 0.003 
Increase in MR -0.17 0.01 0.9 
EBD = effective balloon dilating diameter: EBDlAN = ratio of effective 
balloon dilating diameter and mitral anulus diameter; MR = mitral regurgita- 
tion: NYHA class = New York Heart Association functional class; SBD = 
sum of the diameters from two dilating balloons; SBDiAN = ratio of the sum 
of the diameters from two dilating balloons and mitral anulus diameter; Total 
score = total echocardiographic score. 
was seen in all patients. Four patients had an atria1 septal 
defect with a shunt of 1:1.3 to 1:1.6. An increase in mitral 
regurgitation was observed in 12 patients, 10 of whom had an 
increase in mitral regurgitation by one grade and 2 by two 
grades. No patient had arterial embolization and no death 
occurred in this study. 
Immediate hemodynamic results. After valvuloplasty, the 
mean mitral valve pressure gradient decreased from 23 ? 7 
to 5 ? 2 mm Hg (p < 0.001) with an increase of cardiac 
output from 4.2 ? 0.4 to 5.1 t 0.6 litersimin (p < 0.01). 
Mitral valve area increased from 0.9 -t 0.2 to 2.2 2 0.5 cm2 
(p < 0.001) after valvuloplasty. Mean left atria1 pressure 
decreased from 28 + 7 to 7 t 4 mm Hg (p < 0.001) and mean 
pulmonary artery pressure decreased from 38 -+ 13 to 22 f 
10 mm Hg after valvuloplasty. The systemic arterial pressure 
did not change significantly. 
Factors relative to increased mitral valve area after balloon 
valvuloplasty (Table 1). By simple linear regression analysis, 
the mitral valve area after valvuloplasty was significantly 
related to 1) the ratio of the sum of diameters of two dilating 
balloons and the mitral anulus diameter; 2) severity of 
subvalvular disease; 3) the total echocardiographic scores; 
4) the severity of mitral leaflet calcification; and 5) valve 
thickening. There was no correlation between mitral valve 
area after valvuloplasty and patient age, gender, cardiac 
rhythm, functional class, valve immobility, effective balloon 
dilating diameter and the sum of diameters of two dilating 
balloons. 
The correlation between the ratio of the sum of diameters 
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Figure 2. Relation between the severity of mitral subvalvular disease 
and the mitral valve area (MVA) after mitral valvuloplasty (post- 
PMVL 
of two balloons and the mitral valve area after valvuloplasty 
is better than the correlation between the ratio of effective 
balloon diameter and mitral anulus diameter and valve area 
after valvuloplasty. Thus, we analyzed only the ratio of the 
sum of diameters of two balloons. By using the ratio of the 
sum of diameters of two balloons and mitral anulus size 
~1.0, the mitral valve area (2.08 2 4.8 cm*, n = 18) was 
smaller than that (2.36 + 0.44 cm’, n = 20) by the ratio >l.O 
(p < 0.05). However, the mitral valve area did not increase 
further after the ratio reached 1.0. The mitral valve area 
(2.37 2 0.43 cm2) in patients whose valve was dilated with 
the ratio of 1.01 to 1.1 was not different from that (2.36 ? 
0.49 cm*) in those whose valve was dilated with the ratio 
>l.l (p > 0.1). 
Subvalvular disease correlated negatively with mitral 
valve area after valvuloplasty (Fig. 2). Patients with subval- 
vular disease of grades III and IV had a smaller mitral valve 
area (1.76 t 0.26 cm*, n = 12) than did those (2.48 ? 0.39 
cm2, n = 26) with grade I to II subvalvular disease after 
valvuloplasty (p < 0.01). However, seven of the eight 
patients with grade III subvalvular disease had a valve area 
> 1.5 cm2. Yet, 3 of the 4 patients with subvalvular grade IV 
disease had a mitral valve area 5 1.5 cm2 after valvuloplasty 
and 1 had a valve area of 1.72 cm2, whereas only 1 of 34 
patients with grade I to III subvalvular disease had a mitral 
valve area 51.5 cm2 (p < 0.002). 
The total echocardiographic score correlated signif- 
cant/y with mitral valve area after valvuloplasty by simple 
linear regression analysis (Fig. 3). Patients with a total 
echocardiographic score z 11 had a smaller mitral valve area 
(1.87 2 0.27 cm2) than that (2.49 ? 0.26 cm2) of patients with 
a total score 510 (p < 0.05) after valvuloplasty. Three of 10 
patients with a total echocardiographic score >lO had a 
mitral valve area ~1.5 cm* after valvuloplasty, whereas, 
only 1 of 28 patients with a total score 110 had a valve area 
1.5 - . : 
. 
1 1 
0 2 4 6 a 10 12 14 
Total echocardiographic score 
Figure 3. Relation between the mitral valve area after mitral valvu- 
loplasty (post-PMV) and the total echocardiographic score yielded 
from valve immobility, thickening and calcification and subvalvular 
disease. 
51.5 cm2 after valvuloplasty (p < 0.05); this patient had 
grade IV subvalvular disease. However, of the three patients 
with a total score 211 and mitral valve area ~1.5 cm* after 
valvuloplasty, two had severe (grade IV) subvalvular disease 
and one had grade III subvalvular disease. No other factors 
were found to identify patients with suboptimal valvulo- 
plasty results (that is, a mitral valve area ~1.5 cm2 after 
valvuloplasty). 
Entering the significant factors correlated with the mitral 
valve area by simple linear regression into the multiple 
stepwise logistic regression analysis, the results showed that 
only two factors (the ratio of the sum of diameters of two 
balloons to mitral anulus diameter and the grade of mitral 
subvalvular disease) were independently related to mitral 
valve area after valvuloplasty: y = 1.04 ~1 - 0.23 ~2 t 
1.62, where y is mitral valve area (cm2) after valvuloplasty, 
x 1 is the ratio of the sum of diameters of two balloons and 
mitral anulus size and x 2 is the grade of subvalvular disease. 
The multiple correlation coefficient (multiple r) was 0.65 (p = 
0.0002). 
Factors relative to an increase in mitral regurgitation after 
valvuloplasty (Table 2). Simple linear regression analysis 
showed that the increase in mitral regurgitation after balloon 
mitral valvuloplasty is related to the ratio of the sum of the 
diameters of two balloons and mitral anulus size, the ratio of 
effective balloon diameter mitral and anulus diameter, effec- 
tive balloon dilating diameter, the sum of diameters of two 
dilating balloons, severity of subvalvular disease and total 
echocardiographic score. The increase in mitral regurgita- 
tion did not correlate significantly with age, echocardio- 
graphic mitral valve calcification, mobility restriction of 
leaflets, mitral valve area after valvuloplasty or absolute 
increase in mitral valve area. 
Figure 4 shows the trend of an increasing percent of 
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Table 2. Potential Factors Relative to Mitral Regurgitation 
Produced or Increased After Mitral Valvuloplasty in 38 Patients: 
Simole Linear Regression Analvsis 
Factor 
Age 
Mitral valve immobiliry 
Mitral valve calcification 
Mitral valve thickening 
Mitral subvalvular disease 
Total score 
EBD 
SBD 
EBDlAN 
SBDIAN 
MVA post-PMV 
Delta MVA 
Correlation 
Coefficient 
0.23 
0.23 
0.29 
0.28 
0.33 
0.34 
0.34 
0.34 
0.35 
0.36 
-0.12 
0.04 
F p Value 
1.9 0.17 
I.9 0.17 
3.2 0.08 
3.0 0.08 
4.4 0.04 
4.7 0.04 
4.7 0.04 
4.7 0.04 
4.9 0.03 
5.5 0.02 
0.5 0.48 
0. I 0.79 
Delta MVA = absolute increase in mitral value area by mitral valvulo- 
plasty: MV,4 post-PMV = the mitral valve area after mitral valvuloplasty: 
other abbreviations as in Table I. 
patients with an increase in mitral regurgitation if a larger 
ratio of the sum of diameters of two balloons and mitral 
anulus diameter was chosen. There was a more abrupt 
increase in the percent of patients with an increase in mitral 
regurgitation at the point that a ratio of the sum of diameters 
of two balloons and mitral anulus diameter of 1.1 was used 
(Fig. 4). A ratio of >l. 1 was used in 10 patients, 7 (70%) of 
whom had an increase in mitral regurgitation, whereas only 
5 (18%) of 28 patients, using a ratio 2 1.1, had an increase in 
mitral regurgitation (p < 0.01) after valvuloplasty. 
SercTre suhvalr~ulur disease MYIS associated with II high 
incidence of incwase in mitrul regurgitation (Fig. 5). All 4 
patients with severe (grade IV) subvalvular disease had an 
increase in mitral regurgitation, whereas only 5 of 27 patients 
Figure 4. Relation between the percent of patients with an increase 
in mitral regurgitation (MR) produced by valvuloplasty and the ratio 
of the sum of diameters from two dilating balloons used and mitral 
anulus diameter (SBDIAN). 
60 ! 
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Figure 5. Relation between the severity of mitral subvalvular disease 
and an increase in mitral regurgitation (MR) produced by mitral 
valvuloplasty. 
with mild subvalvular disease had an increase in mitral 
regurgitation after valvuloplasty (p < 0.01). Two patients 
with an increase in mitral regurgitation of two grades after 
valvuloplasty had severe (grade IV) subvalvular disease. 
Multiple stepwise logistic regression analysis revealed 
that the ratio of the sum of diameters of two balloons and 
mitral anulus diameter and the severity of subvalvular dis- 
ease are independently related to an increase in mitral 
regurgitation after valvuloplasty: y = 0.18 XI + 1.43 X2 - 
1.55, where x 1 is the ratio of the sum of diameters of two 
balloons and the mitral anulus diameter and x2 is the 
severity of subvalvular disease (grade I to IV). The multiple 
correlation coefficient (multiple r) was 0.53 (p < 0.003). 
Other significant correlations. Age correlated significantly 
with mitral valve calcification (r = 0.61. p < O.OOl), mitral 
valve thickening (r = 0.41, p < 0.003) and the total echocar- 
diographic score (r = 0.46, p < 0.0031, but did not correlate 
with subvalvular disease (r = 0.09, p = NS). The total 
echocardiographic score correlated excellently with mitral 
valve thickening (r = 0.83, p < O.OOOl), calcification (r = 
0.90, p < 0.0001) and immobility (r = 0.85, p < O.OOOl), but 
less well with subvalvular disease (r = 0.71, p < 0.0002). The 
mitral anulus size correlated only moderately with body 
surface area in patients with mitral stenosis (r 
0.004). 
= 0.40. p < 
Discussion 
The present prospective two-dimensional echocardio- 
graphic study in patients undergoing mitral valvuloplasty 
demonstrated that echocardiographic morphologic changes 
of subvalvular structure and dilating balloon sizes matched 
to the mitral anulus size, expressed as the ratio of the sum of 
the diameters of two balloons to mitral anulus diameter, are 
the two most important factors for predicting the result of 
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valvuloplasty in terms of the increase in mitral valve area 
and mitral regurgitation. Severe subvalvular disease limits 
the benefit of this procedure by inadequate enlargement of 
the mitral valve area after valvuloplasty and more frequently 
leads to increased mitral regurgitation. Therefore, two- 
dimensional echocardiography is useful for guiding balloon 
size selection and identifying patients with severe subvalvu- 
lar disease with probable limited benefit from balloon valvu- 
loplasty. 
Relation between valvular or subvalvular features and 
possibility of increasing mitral valve area after balloon cathe- 
ter valvuloplasty or closed surgical commissurotomy. Surgi- 
cal commissurotomy. Although there is general agreement 
on less favorable results of closed surgical mitral commis- 
surotomy in patients with mitral valve calcification, the 
majority (94%) of patients with valve calcification do have a 
satisfactory increase in mitral valve orifice size by closed 
surgical commissurotomy (24). However, mitral replace- 
ment is required more frequently in patients with a calcified 
valve (33%) than in those with a noncalcified valve (15%), 
indicating less favorable long-term results (25). 
Balloon valvuloplasty. There are controversial reports 
(18,20,21,26) whether valvular and subvalvular structural 
features affect the increase in mitral valve area by balloon 
mitral valvuloplasty. Pathologic observations (27,28) have 
revealed that commissural splitting is the usual manner by 
which a dilating balloon (or balloons) increases mitral valve 
orifice area. In in vitro studies using mitral valves excised 
intact at the time of mitral valve replacement, Kaplan et al. 
(27) showed that the presence of extensive calcific deposits 
did not preclude adequate opening of a stenotic mitral 
orifice, and, surprisingly, Ribeiro et al. (28) found that 
commissural splitting occurred preferentially in calcified 
(81%) as opposed to noncalcified (56%) mitral commissures. 
In clinical studies, Reid et al. (20) and Wilkins et al. (18) 
reported echocardiographic findings in 12 and 22 patients, 
respectively, undergoing balloon mitral valvuloplasty. They 
showed that calcification of the commissures, rigid valve 
leaflets and subvalvular disease were associated with a 
smaller mitral valve area after valvuloplasty. It is not clear as 
to which degree of severity of valvular and subvalvular 
disease as assessed by two-dimensional echocardiography 
precludes a satisfactory immediate result of mitral valvulo- 
plasty. Wilkins et al. (18) demonstrated that all patients with 
a total echocardiographic score 2 11 had a suboptimal result 
with a mitral valve area 5 1 .O cm2 after valvuloplasty. This 
may be partially related to the fact that most patients in their 
study were treated with the single balloon technique, which 
has been often demonstrated (10,14) to be inadequate for 
increasing the valve area sufficiently. Reid et al. (20) ob- 
served that the presence of subvalvular disease did not 
preclude satisfactory results of mitral valvuloplasty per- 
formed with the double balloon technique. However, they 
did not grade the severity of valvular or subvalvular disease 
in a semiquantitative way as did Wilkins et al. (18). In 
contrast, another group (21) found no association of a 
smaller mitral valve area after valvuloplasty with echocar- 
diographic indexes of changes in mitral valve structure. 
These discrepancies may relate to factors such us dilating 
balloon diameter and its relation to mitral anulus size, the 
learning curve of those performing the valvuloplasty proce- 
dure, different balloon dilating techniques, different groups 
of patients studied and, especially, the difficulty in grading 
the severity of subvalvular disease. Both thickening and 
fusion of subvalvular structures are the important features of 
subvalvular disease as a dominant cause of mitral stenosis 
(29) and, thus, we defined severe subvalvular disease as 
having both extensive thickening and nondetectable separa- 
tion of tethered chords on echocardiography. 
Using this mod$ed grading system (18) for assessing 
severity of subvulvular disease, the current study demon- 
strated that the severity of subvalvular disease is signifi- 
cantly correlated with mitral valve area after valvuloplasty 
(r = 0.65, p < 0.0002). Three of four patients with severe 
(grade IV) mitral subvalvular disease had only a small 
increase in mitral valve area after valvuloplasty (I 1.5 cm2). 
Balloon valvuloplasty may not be able to split the chordal 
fusion (27,28) and, thus, yields an unsatisfactory increase in 
valve area by valvuloplasty in this subgroup of patients. 
However, most patients with moderately severe (grade III or 
less) subvalvular disease had a satisfactory valvuloplasty 
result and, thus, mitral subvalvular disease of less than grade 
IV severity does not preclude a satisfactory increase in 
mitral valve area. 
The present study could not show that the total echocur- 
diogruphic score is an independent factor predicting subop- 
timul results of mitral vulvuloplusty. This may be a result of 
the fact that a higher total echocardiographic score was not 
always associated with severe subvalvular disease. In con- 
trast, severe subvalvular disease was often, but not always, 
associated with severe thickening and less mobility of the 
mitral valve and a greater echocardiographic score. One 
patient with severe (grade IV) subvalvular disease had no 
severe thickening or valve immobility, and a total echocar- 
diographic score of 7. In this study, older patients had more 
severe mitral valve calcification, which in turn caused more 
valve thickening and immobility, and thus had a greater total 
echocardiographic score. The older age of the patients (mean 
56 years) studied by Wilkins et al. (18) compared with that of 
our patients (mean 36 years) may be partly a cause of this 
discrepancy. 
Valvular morphology and mitral regurgitation after bal- 
loon valvuloplasty or surgical commissurotomy. Patients with 
a calcific mitral valve assessed by the surgeon during com- 
missurotomy had a higher incidence of producing or increas- 
ing mitral regurgitation than those without calcification (25). 
However, Abascal et al. (19) could not find any significant 
difference in mitral valve and subvalvular features among 
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patients with and without an increase in mitral regurgitation 
after valvuloplasty, although there was a trend indicating 
that patients with an increase in mitral regurgitation had a 
higher echocardiographic score. The present study demon- 
strated that, although the total echocardiographic score is 
related to an increase in mitral regurgitation after valvulo- 
plasty, this is not an independent factor. The severity of 
subvalvular disease is one of the independent factors corre- 
lating with the increase in mitral regurgitation after balloon 
valvuloplasty. Most (6 of 11) patients with severe 2 grade III 
subvalvular disease had an increase in mitral regurgitation 
after valvuloplasty, compared with only 6 of 27 patients with 
5 grade II subvalvular disease (p < 0.05). Both of the two 
patients with an increase in mitral regurgitation by two 
grades had severe grade IV subvalvular disease as assessed 
by echocardiography. The mechanism of the increase in 
mitral regurgitation by balloon valvuloplasty is not com- 
pletely understood. The underlying rheumatic deformation 
of mitral leaflets and subvalvular fusion together with mitral 
commissural splitting may interact to cause incomplete 
closure of the mitral leaflets during systole. It is not clear 
whether or how often rupture of the chordae tendineae and 
valve detachment are responsible for mitral regurgitation 
produced by balloon valvuloplasty; these factors were ob- 
served to cause severe mitral regurgitation in surgical mitral 
commissurotomy (30,31). 
Balloon size selection in mitral valvuloplasty. It was dem- 
onstrated in the present and previous studies (5,10,14) that a 
larger effective balloon diameter or the sum of the diameters 
from two balloons generally produces a larger mitral valve 
area after balloon valvuloplasty. However, our previous 
study (14) demonstrated that new or increased mitral regur- 
gitation after mitral balloon valvuloplasty was related to 
effective balloon diameter, and this was confirmed in the 
present study. The present study also showed that consid- 
ering individual mitral anulus size, the ratio of the sum of 
diameters from two balloons to mitral anulus diameter can 
better predict the increase in mitral regurgitation after val- 
vuloplasty than the effective balloon diameter without con- 
sideration of mitral anulus size. Furthermore, the mitral 
valve area did not increase further if a ratio of the sum of the 
diameters from two balloons and mitral anulus diameter 
> I. 1 was used; in contrast, there was an abrupt increasing 
incidence of new or worsened mitral regurgitation after 
valvuloplasty using the ratio > 1.1 (Fig. 6). This suggested 
that the sum of diameters from two balloons should not 
exceed 110% of the mitral anulus diameter measured by 
two-dimensional echocardiography in the four chamber view 
at early to mid-diastole. 
Limitations of this study. The echocardiographic grading 
of severity of valvular and subvalvular disease was only 
semiquantitative and may be subject to interobserver vari- 
ability (19,24). Nevertheless, the variability examination of 
this and other studies has shown that there was a high 
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Figure 6. The trend of increasing the ratio of the sum of diameters 
from two dilating balloons and mitral anulus diameter (SBD/AN) 
influencing the mitral valve area (MVA) (cm’) and increase in mitral 
regurgitation (MR) after valvuloplasty (PMV). Each mean mitral 
valve area was calculated according to valvuloplasty performed 
using the balloonianulus diameter ratio in range of 0.8 to 0.9.0.91 to 
1.0. I.01 to 1.1. I.11 to I.2 and >1.2. 
agreement of grading between two experienced observers 
(variability from 6% to 8%). It is difficult to distinguish 
subvalvular thickening or shortening alone from thickening 
plus fusion by two-dimensional echocardiography. How- 
ever, careful imaging of subvalvular structures in multiple 
views, especially in the view of mid-way orientation between 
parasternal and apical long-axis planes, can fairly well 
identify severe subvalvular disease. It must be noted that the 
mitral anulus size has been demonstrated (32) to vary by 15% 
during the cardiac cycle. We measured the mitral anulus 
diameter in the apical four chamber view at early to mid- 
diastole (the maximal mitral valve opening). Therefore, the 
numeric value of the ratio of the sum of the diameters from 
two balloons calculated in this study can only be adopted if 
mitral anulus diameter is measured in the apical four cham- 
ber view at that time. 
It must be pointed out that as in surgical mitral commis- 
surotomy, assessment of the efficacy of mitral balloon val- 
vuloplasty should not be only based on the echocardio- 
graphic observation of the immediate increase in mitral valve 
area without significantly increasing mitral regurgitation, but 
also on other factors such as the regression of severity of 
pulmonary hypertension after valvuloplasty, left or right 
ventricular function, procedure complications as well as the 
influence of associated diseases (24,25,30,31). Thus, selec- 
tion of an individual candidate for valvuloplasty should 
consider not only echocardiographic variables, but also 
other clinical factors, and should weigh the ratio of risk and 
benefit of valvuloplasty compared with surgical commissur- 
otomy or valve replacement. 
Conclusions. The present study demonstrates that in pa- 
tients with severe subvalvular disease detected by two- 
1658 CHEN ET AL. JACC Vol. 14, No. 7 
TWO-DIMENSIONAL ECHOCARDIOGRAPHY IN MITRAL VALVULOPLASTY December 1989:1651-g 
dimensional echocardiography, balloon mitral valvuloplasty 
is unable to sufficiently increase effective mitral valve area 
and has a high incidence of producing or increasing mitral 
regurgitation. Although a larger balloon size is generally 
associated with a larger valve area after valvuloplasty, mitral 
valve area does not further increase if the sum of the 
diameters from two dilating balloons exceeds the mitral 
anulus diameter by >lO%; rather, a high incidence of mitral 
regurgitation is produced by valvuloplasty in these cases. 
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